Anaesthesia
Anaesthesia commenced at 0915 hours and consisted of propranolol, lignocaine, fentanyl, althesin and alcuronium. Monitoring used included ECG, central venous pressure (CVP), intra-arterial blood pressure referenced to the left ventricle, precordial Doppler probe positioned to the left of the sternum, and expired CO 2 using a Siemens 930 analyser. A test injection of 0.5 ml air via a peripheral line produced an audible 'chirp' from the Doppler probe over the precordium. The position of the CVP cannula was not checked by X-ray.
Just prior to commencement of surgery the vital signs were stable, CSF drainage was commenced, and mannitol and frusemide were given. Exposure and surgical conditions were very good throughout the procedure. Anaesthesia was maintained with nitrous oxide/ oxygen and intermittent fentanyl and alcuronium. At the request of the surgeon two hours after commencement of the surgery, induced controlled hypotension using sodium nitroprusside was started, and though there was a smooth steady fall to a systolic pressure of 90 mmHg (from 110) over about 10 minutes there was also a transient fall over about one minute to 65/30 which spontaneously reversed. One hour later there was another sudden fall in blood pressure which resolved over five minutes, and again half an hour later. All these hypotensive episodes were accompanied by a rise in CVP. The expired C02 was low but as there had been recent problems with the analyser these C02 findings were unfortunately misinterpreted. The sodium nitroprusside was turned off at this stage and the blood pressure returned to 100/60. During this latter hypotensive period blood gases were pH 7.23, Peo2 59 mmHg, P02 36 mmHg, but rapidly returned to pH 7.43, Peo2 46 mmHg, P02 140 mmHg, following improvement in the blood pressure.
Approximately an hour later there was another episode of hypotension and though there was no change in sound from the Doppler monitor, a stethoscope was used to hear a typical 'mill-wheel' murmur to the right of the sternum. Immediate aspiration of the CVP line produced 1.0 ml of gas. The arterial blood gases were pH 7.25, Peo2 56 mmHg, P02 31 mmHg. Jugular compression was carried out revealing a small bleeding dural vein which was surgically covered. The nitrous oxide was discontinued, the table lowered compatible with continued surgery, and the situation rapidly improved and continued satisfactorily for the remaining three hours of surgery. During the whole procedure blood loss was minimal, and the patient received one litre of Plasmalyte. No attempts to reverse the muscle relaxant or extubate the patient were made. A chest X-ray taken in the operating theatre revealed widespread pulmonary oedema. It also showed the CVP catheter to be low in the right atrium or even in the right ventricle.
Postoperative course
The patient was admitted to the ICU at 1800 hours in a stable cardiovascular state, but requiring large minute volumes (ca.14 litres) to maintain a Peo2 of 30-35 mmHg in arterial blood. The exhaled C02 remained very low . Signs of returning consciousness were present.
The postoperative course was stormy. The pulmonary oedema cleared rapidly, the chest X-ray being improved the next day, and practically completely clear the following day. The patient became restless and dislodged her endotracheal tube in the early hours of the morning of the day after surgery. As her breathing was apparently reasonable, she was not reintubated. The following day she was conscious though confused and restless, and had a right-sided paresis.
On the third postoperative day her condition deteriorated sharply, and she became decerebrate. CT scan showed a haematoma at the operation site, with considerable brain oedema and a shift of the midline structures to the right. She was re-intubated and a vigorous regime of hyperventilation, mannitol and dexamethasone instituted. Improvement was slow, but eventually after ten days she was discharged to the ward, able to walk with assistance, orientated and eating normally. However, she developed a high swinging pyrexia, and required further surgery on two occasions, first for wound evacuation, and later for removal of the bone-flap. Only after this latter procedure did her pyrexia settle. CT scans during this period showed a gradual clearing of the cerebral oedema, and moderate dilatation of the ventricles.
The patient was eventually discharged from hospital 71 days after the operation. She was well, with normal power in all limbs, slight hypertonus and an unsteady gait with her eyes closed. There was no visual field defect. At follow up about six weeks later she appeared very well and completely recovered; CT scan showed continued slight ventricular dilatation however.
DISCUSSION
The development of pulmonary oedema following air embolism is unusual and this aspect of the case will be addressed here.
In a review article, Dahlgren and Josephson4 noted that pulmonary oedema has been observed by some authors 5 but not others. 6 They studied 28 dogs; 16 showed no oedema, and the remainder showed oedema on histology only. There was no relation between the development of the oedema and the pulmonary artery pressure, and hypoxaemia developed in both groups. They concluded that the development of pulmonary oedema did not seem to depend on pulmonary artery pressure nor to contribute to the hypoxia. However, in a clinical report, Still et al,7 describing severe pulmonary oedema occurring in a 19-year-old patient postoperatively, postulate that it is the local hypoxia, due to intrapulmonary shunting combined with pulmonary hypertension, which is responsible for the oedema.
Ishak et al s also describe a severe clinical case, which required IPPV for six days, and comment that although neurogenic pulmonary oedema is a well-recognised syndrome, it is invariably associated with increased ~/w(,sfllesia and IlIfellsil'e Care, "0(. 13 . .\'0. 4, SOI'ell/ber, /985 intracranial pressure and/or brain-stem injury, which cause intense sympathetic stimulation. (Chandler et a/ 9 also agree with this interpretation when discussing the possibility of neurogenic pulmonary oedema). Neither of these conditions was present in Ishak's patient, 8 nor are they likely to have been causative factors in this present case, especially as the pulmonary oedema was seen on an X-ray taken immediately at the conclusion of the surgery.
Perschau et a/ lo describe a case in which they were able to measure large rises in pulmonary artery pressure, to over 40 mmHg. The episodes of air embolism were associated also with marked systemic hypotension as low as 50 mmHg systolic. However, they concluded that the mechanism of pulmonary oedema in association with air embolism is unclear. The air embolism may produce pulmonary hypertension from mechanical obstruction of the precapillary arterioles and/or from reflex vasoconstriction of pre-and post-capillary vessels. It is quite probable that it is a cumulative effect of several factors.
It is also possible that the impaction of air bubbles in the pulmonary capillaries may compromise their endothelium, II and so lead on to interstitial or even frank pulmonary oedema. This is particularly so with large volumes of air spread over a long time, even if the bubbles impact only transiently. It is of note that all the clinical reports indicate multiple episodes of air embolism prior to the development of pulmonary oedema.
Why did the monitoring devices not alert the anaesthetist to air embolism? Partly they didhypotension, raised CVP and fall in expired C02 all indicate air embolism, but the commencement of induced hypotension proved a distraction, and also the absence of abnormal sounds from the poorly sited Doppler probe was reassuring. The Doppler probe should ideally have been sited to the right of the sternum. 12 . 11 Lastly the CVP catheter tip was sited too far into the right atrium, as the recommended position for optimal gas removal is high in the atrium or at the superior vena cava/atrium junction,14.16 and the position should be checked by X-ray or ECG control. To be effective monitoring probes must be working and correctly sited.
